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Abstract: Fungi are often used to induce agarwood in Aquilaria trees. 
This study was conducted to evaluate the effect of several fungi on 
agarwood formation over time in young Aquilaria malaccensis (Lam.) 
trees. Typical changes in the length and light intensity of the resulting 
discoloration were observed after three and six month periods following 
inoculation. Wood samples were observed microscopically and classified 
into several light intensity groups. The discoloration length was meas¬ 
ured longitudinally. The duration after inoculation affected the mean of 
discoloration length: the 6-month old sample (1.70 cm) had a wider 
discoloration zone when compared to the 3-month old sample (1.17 cm). 
When measuring the discoloration intensity, a positive relationship with 
time was perceived. Digital images, captured using a camera-equipped 
microscope, revealed that wood samples collected after six months 
appeared to be 1.8-times darker than after three months. We concluded 
that time, not the species of any of the tested fungi, had significant effect 
on discoloration length and intensity. Gas chromatography/mass spec¬ 
trometry (GCMS) analysis of the 6-month old sample yielded some 
important agarwood compounds such as benzylacetone, anisylacetone, 
guaiene and palustrol. This demonstrates that the tested fungi have the 
ability to induce agarwood formation in nursery A. malaccensis trees. 
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Introduction 

Aquilaria malaccensis (family Thymelaeaceae) is a major agar¬ 
wood producer in Malaysia. The high market demand for agar¬ 
wood has seriously affected natural sources of A. malaccensis. 
The species is now listed as endangered in Appendix II of the 
Convention on International Trade in Endangered Species of 
Wild Fauna and Flora (CITES 2010). Agarwood is used as in¬ 
cense in religious ceremonies, perfumes in the Arab market, 
ingredients in Chinese medicine, and also as ornamental materi¬ 
als (Okudera and Ito 2009, Kakino et al. 2010). Agarwood can 
fetch as much as US$100,000 per kilogram for superior pure 
wood material or US$ 100 per kilogram for low quality (Naef 
2011 ). 

To meet the demand for sustainable agarwood production, 
Aquilaria trees are now being planted on a large scale and in¬ 
vestments have been made into formulating effective artificial 
inoculation methods for agarwood inducement in young planta¬ 
tion trees. Cultivation projects are increasing and are being car¬ 
ried out by individuals, local communities, larger enterprises, 
and governments, as well as scientists and foreign businessmen. 

Agarwood is a resinous wood substance that is produced by 
the tree as a non-specific host response to wounding, insects, or 
microbial invasion. The resin contains tree extractives with 
aromatic terpenes. The main active compounds in agarwood are 
sesquiterpenes and 2-(2-phenylethyl) chromone derivatives 
(Chen et al. 2011, Naef 2011). Aquilaria trees are considered 
valuable when they can produce agarwood; this attracts investors 
who are interested at this lucrative business (Barden et al. 2000, 
Pojanagaroon and Kaewrak 2005). 

Traditional methods for agarwood induction used in many 
countries include deliberate wounding of trees with large knives 
and hammering nails into tree trunks. Over the years, the practice 
has expanded to include the use of certain chemicals and micro¬ 
organisms, and the creation of modem inducement kits. Several 
commercial inducement techniques are available in the market 
today including methods known as the CA Kit and the Taiwan 
and Pheerapan methods (Chang et al. 2011). These approaches 
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use microbes to accelerate the production of agarwood in stand¬ 
ing trees. Using chemicals such as sodium chloride as an induc¬ 
ing agent have also been developed but they have yielded mixed 
results in regard to the quantity and quality of agarwood (Chen et 
al. 2011). 

More recently, using a chemical solution to induce agarwood 
in the whole tree (Agar-Wit), has been shown to yield high- 
quality agarwood within 20 months after treatment (Zhang et al. 
2012). GCMS profiles of essential oils from agarwood using this 
technique show high percentages of major sesquiterpene com¬ 
pounds, such as agarospirol and eudesmol. Although time is a 
major factor influencing agarwood quality, other factors include 
the age of the tree (young vs. mature), season (wet vs. dry), 
geographical location, and genetic (species) (Ng et al. 1997). In 
this study, we examined the effect of fungi and time on agar¬ 
wood induction in young polybag-grown A. malaccensis trees in 
the nursery. 

Materials and methods 

Plant materials and inoculation 

Five species of fungi (FI to F5) belonging to the Deuteromycetes 
and Ascomycetes groups were tested. Fungi cultures were main¬ 
tained in slant bottles on potato dextrose agar (PDA, OXOID 
Ltd., England) and were used for preparing spore suspension at a 
concentration of 10 7 spores/ml in sterile distilled water. Four- 
year-old A. malaccensis trees were grown in gallon size polybags 
in the nursery of the Faculty of Foresty, Universiti Putra Malay¬ 
sia, Serdang, Malaysia. The trees were about 5 m high with a 
diameter between 4 to 4.5 cm. 

Trees were inoculated by making wounds in a zig-zag manner 
along the trunk using an electric drill with a bit size of 4.8 mm in 
diameter. The first wound was inflicted 20 cm above the ground 
and the next wounds were made above the precedent wound at 
10 cm intervals until we reached 20 wounds. The wounds were 
drilled into three different depths: 1.5 cm, 1.0 cm and 0.7 cm 
following the decreasing size of the tree diameter from bottom to 
top. Then, fungal spores (1 ml for the 1.5 cm depth and 0.5 ml 
for the other two depths) were injected into the drilled wounds, 
using a syringe, and the wounds were sealed with parafilm. This 
was replicated four times in each tree and a total of four trees 
were treated. Each wound contained propagules of a single fun¬ 
gus species, and five different species were tested, for a total of 
80 wounds. The trees were left in the nursery and two were 
harvested each time at three and six months after the fungal 
application. 

Measurement of discoloration zone 

The extent of the discoloration zone at wound sites was meas¬ 
ured in longitudinal (L) direction with L= Ly + L l , in which Ly 
is the extension of upper part of discoloration and L l is the lower 
part of discoloration (Fig. 1) (Nobuchi and Siripatanadilok 2008). 
In addition, quantitative readings on the intensity of the discol- 
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orations were captured under a Nikon Light Microscope (Japan) 
and measured directly using the software (NIS Elements BR 3.0, 
Nikon, Japan). 

Statistical analysis 

A two-factorial experiment by randomized complete block de¬ 
sign (RCBD) was conducted in this trial. The discoloration zone 
(L) was measured and the means were calculated. Data for dis¬ 
coloration zone and color intensity were analyzed using SAS 
(version 9.1 for windows). 

Results and discussion 

Wood samples were harvested after the determined time of incu¬ 
bation. The bark was first removed from the stem to ensure a 
proper observation on the discoloration length that had formed 
surrounding the wounds. Discoloration zones (L) were measured 
longitudinally using a slide caliper because vertical discoloration 
appeared to be larger when compared to the horizontal. We 
observed that the length of discoloration was longer at the lower 
parts (L l ) compared to the upper parts (Ly) (Fig.l). This is con¬ 
sistent with Nobuchi and Siripatanadilok (2008). A total of 80 
wounds were measured from the four trees. ANOVA analysis 
showed there was a significant difference between the months as 
the value of Pr > F (0.0001) is less than 0.05. Application of 
mean comparisons through a Duncan Multiple Range test 
showed that the six-month period of incubation yielded a higher 
mean when compared to the three-month period. 



Fig. 1 . Naked eye measurement of the discoloration zone formed after 
artificial inoculation in young A. malaccensis tree. The discoloration 
length (L) was measured in longitudinal direction (L= Ly + L l ). 

On average, the discoloration zone after six months’ inocula¬ 
tion (1.70 cm) was significantly longer than three months post 
inoculation (1.17 cm) (Fig. 2a). To further examine the discol¬ 
oration zone, the wood block was viewed under a light micro¬ 
scope and the image was captured. The intensity was directly 
read using the camera software: for example, a low intensity 
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indicates a darkened zone. Microscopic observations revealed 
that wood samples with intensity values between 48 to 70 ap¬ 
peared to be darker than those categorized in the range of 80 to 
100 (Fig. 3). The mean intensity level for the 6-month sample 
was 48, while the 3-month sample had a significantly higher 
mean intensity of 90, suggesting that longer incubation time 
yields darker discoloration zones (Fig. 2b). 


a 



b 



Fig. 2. Effects of artificial fungal inoculation on the (a) discoloration 
length (L), and (b) intensity value of the discoloration zones, formed in 
young A. malaccensis tree after three (3M) and six (6M) months incuba¬ 
tion period. Each bar represents a single tree and a total of 80 wounds 
were examined from the four trees. Error bars represent standard devia¬ 
tions. A low intensity value indicates darkened zone. 

When analyzing the effect of fungi species on the length of 
discoloration zones (Fig. 4) and their intensities (data not shown), 
no significant differences were detected. It could be implied that 
these five species of fungi had no influence on the length and 
intensity of the discoloration zones. The darkened area surround¬ 
ing the wounding site contains agarwood substances. This has 
been observed using histochemical methods where brownish 
droplets were captured in the parenchyma cells of agarwood 
chips from A. malaccensis trees that had been wounded (Wong et 
al. 2012). Sensory evaluation detected the unique aroma of 
agarwood when the discolored wood was burnt. 



2 cm 


■4 


Fig. 3 Discoloration zones observed on wood samples harvested 
three and six months after fungal inoculation. The darkened line 
(arrow) surrounding the drilled wound appeared broader and darker in 6- 
month-old sample compared to 3-month-old. Each picture is a represen¬ 
tative from 40 wood samples collected at each harvest time. 



Fig. 4. Effects of different fungi species (FI to F5) on the discoloration 
length (L) formed in young A. malaccensis tree. Bars represent means 
from a single fungus species. Each fungus species was applied four times 
per tree and two trees were harvested after three (3M) and six (6M) 
months of incubation. A total of 80 wounds were examined from the four 
trees. Error bars represent standard deviations. 
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Crude extracts from the 6-month old sample were subjected to 
GCMS analysis. The chemical profiles showed that fungi- 
inoculated wood contained major compounds of agarwood such 
as benzylacetone, benzaldehyde, guaiene, palustrol, anisylace- 
tone and chromone derivatives (Jong 2012). Our results showed 
that fungi inoculation was able to induce agarwood formation in 
young A. malaccensis trees. Similar results were obtained from 
artificially inoculated Aquilaria sinensis with the fungus Melano- 
tus flavolivens when samples were harvested six months and one 
year post-inoculation (Lin et al. 2010). Major agarwood com¬ 
pounds— specifically benzaldehyde, benzenepropanoic acid, 
anisylacetone, and a chromone, 8-methoxy-2-(2-phenylethyl)- 
4H-l-benzopyran-4-one—were detected. However, less promis¬ 
ing results for artificial fungal induction method were also re¬ 
ported (Tamuli et al. 2005, Bhuiyan et al. 2009). 

We demonstrated that the five fungi species tested in this 
study produced similar effects on the length and intensity of the 
discoloration zones. A clear relationship was observed between 
the incubation time and the extent of discoloration. At the early 
stage of three months post-inoculation, the discoloration seemed 
to be weak. The intensity values revealed that the 3-month sam¬ 
ple appeared lighter in color when compared to the 6-month 
sample. The amount and intensity of discoloration progressively 
increased over time. Our results implied that longer incubation 
time before harvesting, not the fungi species tested, would pro¬ 
duce darker wood and subsequently better form of agarwood. 
Nevertheless, more trials should be conducted using similar or 
different fungi species and in a more controlled environment as 
environmental factors are known to directly affect agarwood 
induction (Ng et al. 1997). 
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